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836 Prof. IL R. Sahni on the 
making n lines of force which intersect at a point where 
n sheets of an equipotential surface intersect. These, again, 
wil| not make equal angles with each other, but one line of 
force wilt lie between every two consecutive shee~s of the 
equipotential surface. 
Fig. 2. 
The Intersection of Three Lines of Force and Three Sheets of an
Equipotentia[ Surface. 
The cases when two and three sheets intersect are shown 
in figs. 1 and 2. The firm lines represent the equipotentials 
and the broken lines the lines of force. 
LXXXVI I ,  The PhotostaT/tic Action of a, I~, and. 7 Rays. 
By R. R. SAHNI, M.A., _Professor, Government College, 
Lahore *. 
[Plate XII.] 
S EVERAL investigators have s~udied the ac~on of 9 = particles on sensitive fihns. Thus, Kinoshi~at has 
slmwn that when such a film is exposed to an a-ray source, 
the photometric density of the film, on development, is 
proportional to the number of a particles incident on i t ;  
also that a single = particle produces a detectable ffect (m 
a Communicated by Sir E. Rutherford, F.R.S. 
t Kinoshita~ Prec. Roy, Soc. set. A, lxxxiii, p, 432 (1910). 
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Photogral)hlc A ctwn of ~, ~, and 7 Rays. 837 
the photographic plate. Reinganum + was the first to 
obtain tracks of single a particles in sensitive fihns ; Michl t 
a~d, subsequently, Baisch ~ and Mayer w also studied, in 
some detail, the photographic action of ~ particles. The 
tracks obtained by Reinganum and Michl were mostly 
curved, but, as Michl points out, this was probably due to 
the particular way in which the gelatine film contracts 
on drying. Wahnsley and Makower II were the first to 
publish a microphotograph of a-ray tracks. Some inter- 
esting microphotographs of a-ray tracks have been published 
in a recent paper by Kinoshita and Ikeuti 82 
In the course of an investigation by the present writer, 
into certain properties of ~ and/3 rays, by the photographic 
method, it was found that most photographic plates, on 
development, show, under the microscope, a large nmnber 
of blackened grains, even when they have not been previ- 
ously exposed to light or some other stimulus, such as 
radiations fi'om an active substance. It  is clear that with 
a plate free from this defect, the examination of photo- 
graphic films under the microscope should afford a very 
sensitive way of studying the properties of a rays, and the 
method would seem to be applicable to all the phenomena 
which have hitherto been investigated by the method of 
scintillations. The method has, in fact, been used by 
Mayer to study the scattering of a particles by metalli~c 
films. Both Reinganum and Mayer recommend the photo- 
mechanical and the Sigurd dia-positive plates, made by 
R. Jahr (Dresden), as being better than any other plates 
used by them ; but, as Mayer points out and as his results 
also show, even with these plates the number of grains 
visible under the microscope on an exposed plate was too 
large to permit the counting of a particles with accuracy. 
In this short paper it is intended to describe a plate 
suitable for various kinds of' investigations with the photo- 
graphic method, and briefly to refer to some of the experi- 
ments which have been undertaken with it. 
Selection of p la te . - -A f ter  considerable search with 
different kinds of plates, sensitive fihns, and papers with 
suitable developing solutions, it was found that Wratten 
and Waiuwright's lantern-plate presented an absolutely 
clear surface. For a temperature of 18 ~ C., which was 
* Reinganum, Phys. Zeit. xii. pp. 1076-77 (1911). 
t Michl, Akad. Wiss. JBer. Wieu, pp. 1451-1447 (1912). 
++ Baisct b Ann. tier Phys. xxxv. p. 565 (1911). 
w Mayer, .Ann. der Phys. xli. (1913). 
]l Walmsley & Makower, Proc. Phys. Soc. xxvi. (1914). 
82 Kinoshita & Ikeuti, Phil. Mag. March 1915. 
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838 Pro[. R. R. Sahni on tlte 
considered to be the most convenient, a development, of 
about 2~ minutes was the best. For lower temperatures, 
this period was much longer. The other plates made by 
the same firm gave unsatisfactory results. The Ilford 
Process and the Imperial Sovereign plates come next after 
the Wratten lantern-plates, The following developer was 
found most suitable to be used with the plate : -  
Solution A. 
1. Quinol, 25 gin. 
2. Potassium metabisulphite, 25 gm. 
3. Potassium bromide, 25 gin. 
4. Distilled water made up to 1000 c.c. 
Solution B. 
1. KOH, 50 fro. 
2. Distilled water up to 1000 c.c. 
Solutions A and B to be mixed in equal proportions 
immediately before use. 
A 20 per cent. solution of " Hypo"  was used for fixing. 
It is of importance to exclude even red light as much as 
possible during all the operations. It is also important o 
use water as free as possible from dust nuclei. For this 
purpose the water for washing should be filtered or previ- 
ously boiled and cooled. 
Some experiments with a particles.--In the experiments 
here referred to, both with a and /3 particles, the active 
sources employed consisted of polonium (containing some 
radium E), thorium active deposit, and radium C on the 
tip of fine sewing-needles and on suitable metal plates of 
different dimensions. In the case of the needles, only the 
tip was effective, the rays from the rest of a needle, if acti- 
vated, being screened off by means of a small cardboard isk. 
The microphotograph in Plate XII.  fig. 1 was obtained 
with a very weak thorium active deposit needle, the tip 
being exposed for a few seconds to the sensitive plate. 
Only a portion of the microphotograph is here shown. The 
centre is about he point marked C. Fig. 2 (a, b, and c) was 
obtained with a fairly strong polonimn needle. Fig. 3 is a 
portion of a similar microphotograph obtained with a thorium 
active deposit needle. In all these cases the activated tip 
of the needle was held in contact with the photographic 
p]ate. Similar results were obtained with other a-ray 
sources. It will be noticed, at once, that a marked feature 
of all a-ra 7 photographs i  the presence of straight tracks 
radiating trom a common centre, which is either the point 
D
ow
nl
oa
de
d 
by
 [M
ich
iga
n S
tat
e U
niv
ers
ity
] a
t 0
2:1
6 2
4 F
eb
ru
ary
 20
15
 
Photogvaphlc A ctlon of ~, /9, and ~/ Rays. 839 
of contact of the active tip with the sensitive plate, or, when 
tile needle is held at a short distance above the plate, a point 
immediately below it. When the period of exposure is 
a sensible interval, a dark circular nucleus is formed. 
A careful examination of the radiating tracks will show the 
presence of an occasional track which is bent as the result 
of scattering. The a particles appear to suffer only one 
encounter, no tracks with more than one bend being visible. 
The peripheral tracks appear to be longer than those nearer 
tile centre, but this is simply an optical eit~ct, the central 
tracks being foreshortened. Fig. [ shows this clearly. 
It  may be mentioned that~ as was to be expected, the 
tracks produced with thorium active deposit were longer 
than those obtained with polonium. The longest rack with 
thorium active deposit measured 48'15/~, while the average 
length of the ten longest seen near the periphery was 32"4 t~. 
The longest rack observed consisted of only 15 silver grains, 
while another track which measured 42"0 ~ was made up of 
24 silver grains. The average number of gl.ains in the ten 
longest tracks observed was 16"8. In all the above cases, 
care was taken to make sure by an examination with an oil 
immersion lens that the tracks did not consist of two 
separate ones in continuation of one another. Michl gives 
the length of the longest rack with 9 grains as 32/~. lie 
obtained tracks with 13 grains, Baisch mentions bent tracks 
with 15 grains, while Kinoshita and Ikeuti observed with 
radium C tracks with as many as 16 grains. 
The action of/9 particles.--In 1911 C. T. R. Wilson *, in 
his well-known condensation experiments, made the tracks 
of /9 particles through moist air visible. The trails in this 
case were indicated by droplets of water condensed on the 
path of the /9 particles, thus forming cloud-like streaks 
which were immediately photographed. Re one, however, 
seems to have obtained a photographic impression of separate 
fl particles or studied a /9 photograph. A comparison 
between the a and /9 photographs reveals certain points o~ 
interest and practical importance. 
The three active sources used in the experiments with 
a particles were also employed with /9 particles, the 
a particles being, in all cases, sifted off by wrapping the 
sensitive plate in paper of suitable thickness. Figs. 4 and 5 
are microphotographs with /9 rays, the first with a thorium 
active deposit needle, and the second with the radium E 
needle. In both c~ses, the plate was wrapped up in black 
paper~ in which it is ordinarily packed, as well as in one 
C. T. R. Wilson~ Prec. Roy. See. se~. A, lxxxv. (1911). 
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840 The Photographic Action of a,/3, al~d ~/ Rays. 
thickness of aluminium foil weighing 7"5 rags. per cmY, the 
active point being held next to the foil. -A still greater 
enlargement of the edge of a photograph as also been 
studied with camera luclda sketches, noting down carefully 
the grains which bec~me visible at different depths of the 
film. The distribution of the grains is so irregular that it is 
difficult to say with certainty whether there are definite 
tracks due to individual/3 particles. But if such tracks are 
present, they are certainly not straight. 
It will be noticed at once that the/R-ray photographs are 
quite different in character from those obtained with a rays. 
The following points of distinction may be noted :--  
1. The distinct radial character of the a photographs i  
altogether absent in the/3 photographs. Compare specially 
a photographs fig. 2 (a, b,-and c) with/3 photograph fig. 5. 
They were produced with the same active needle, and the 
magnification is also about he same. 
2. In a/3-ray photograph no straight racks are visible. 
3. In the case of a f3 photograph there is no well-defined 
centre, the dark nucleus, when formed, being irregular and 
nebt~lous. 
Photographs have been taken by interposing an increasing 
nmnber of aluminium foils of known thickness between the 
active source and the sensitive plate, activated plates as well 
as needles being nsed. The general character of the fl-ray 
photographs, as indicated above, is maintained in all cases, 
the only difference noticed being a decrease in the photo- 
metric density or of the number per unit area of separate 
silver grains. A platinum plate which had been exposed to 
radium emanation for a couple of hours a month previously 
showed clearly the emission of both a and/3 rays due to the 
growth of the long-period active deposit. 
The method is also being used for studying the weak 
activity of potassium and rubidium. Preliminary experi- 
ments show that they give off/3 rays % It may be possible 
to discover other substances of still weaker activity by 
sufficiently increasing the period of exposure. Experiments 
in this direction are proceeding. 
It will thus be clear that the Wratten lantern-plate affords 
an easy method for determining the emission or otherwise of 
a and /3 particles from a given substance, as well as of 
studying the complex clmracter of/3 rays. 
14J~e action el ~ rays.~A sensitive plate was exposed to 
64 rags. of radium contained in a thick glnss tube at a 
distance of 4 cm. In one case, the rays had to penetrate 
* Campbell & Wood, Prec. Camb. Phil. See. xiv. p. 15 (1907). 
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Geological Society. 841 
through a lead plate 4 cm. thick; in another case, a lead 
plate, 3 mm. thick, was interposed; in a third series of 
experiments, a varying nmnber el alummium foils covered 
the sensitive plate; while in a fourth case, the sensitive 
plate was exposed irectly to the rays. All the photographs 
thus obtained resemble a/3ray photograptl. In cases 3 and 
4 the grains are apparently equally crowded, in 2 they are 
less crowded, while in 1 they are much thinner. Fig. 6 
represents a photograph obtained in the second experiment 
given above. As expected, the 7-ray photographs were 
found to be similar to the /3-ray photographs of tile same 
magnification, since it is known that all the effects of ~/rays 
are due to secondary/3 rays, which they excite. 
The experiments described in this paper were preliminary 
to the use of the photographic method for determining, with 
accuracy, the scattering of a particles by gases. 
In conclusion, the writer wishes to express his indebtedness 
to Dr. W. Makower for suggesting this research, and to him 
and to Dr. N. Bohr for their continued kind interest and 
adyice during the progress of the experiments described in 
this paper. He is grateful to the Governing Body of the 
School of Technology for kindly placing the excellent 
resources of that institution at his disposal, and to Mr. R. B. 
Fishenden personally for kind and constant advice through- 
out the photognlphic operations. He also wishes to acknow- 
ledge the kindness of Dr. Hickling, of the Geologietd 
Department of this University, who was good enough to 
allow him the use of his microphotographical apparatus. 
The Physical Laboratory, 
Victoria University, Manchester. 
March 1915, 
LXXXVII I .  Proceedings of Learned Societies. 
GEOLOGICAL SOCIETY, 
[Continued from p. 208.] 
January 6~h, 1915.--Dr. A. Smith Woodward, F.R.S., President, 
in the Chair. 
T HE following communications were read :-- 
1. ' The Silurian Inlier of Usk (Monmouthshire).' By Charles 
Irving Gardiner, M.A., F.G.S. 
The Usk inlier lies a few miles north of Newport (Men.). 
Between the coalfields of South Wales and the Forest of Dean the 
Old Red Sandstone is bent into an anticline, the axis of which runs 
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S~H~L Phil. ]tiag. 8er. 6, Vol. 29, P1. XII. 
FIG. 1.--a rays from Th. Act. dep. X210 diams. FIG. 4.--f~ rays from Th. Act. dep. • 40 diams. 
a b c 
FI~. 2.--a rays from Polonium. • 55 diams. FIG. 5.--f~ rays from Radium E. X 50 diams. 
FIG. 3.--a rays from Tb. Act. dep. • 65 diams. FIG. 6.--~ rays f~om Radium. x 260 diams. 
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